Introduction {#S1}
============

Coral-associated bacteria are commonly understood to affect coral health ([@B4]; [@B3]). The diversity and community structure of these bacteria change during coral bleaching, which occurs when corals experience stress that results in the decrease in Symbiodiniaceae abundance ([@B2]). The bacteria genus *Endozoicomonas*, a putative core coral bacterial group ([@B3]; [@B20]), is highly associated with coral bleaching. Genome analyses have revealed *Endozoicomonas* to function in DMSP degradation, testosterone degradation, probiotic mechanism, and the Embden-Meyerhof-Parnas (EMP) glycolytic pathway ([@B21]; [@B9]; [@B34]). In addition, they can constitute \>90% of the total bacterial community abundance ([@B27]; [@B31]). Several studies have described a decrease in *Endozoicomonas* populations in corals during bleaching ([@B19]; [@B24]; [@B11]; [@B40]) and a subsequent increase in abundance after corals recover ([@B2]). Therefore, *Endozoicomonas* abundance is hypothesized to be positively correlated with Symbiodiniaceae density ([@B1]; [@B22]).

However, in previous studies, Symbiodiniaceae decreased as the result of stress from increased seawater temperature. Hence it is unclear whether the phenomenon of decreased *Endozoicomonas* abundance is caused by temperature stress-associated conditions and/or a decreased abundance of Symbiodiniaceae. In addition, under excessive nutrient treatment, [@B26], [@B27] reported that *Endozoicomonas* density remained the same after Symbiodiniaceae abundance decreased, indicating that there was no positive correlation between bacteria and Symbiodiniaceae abundances. Despite this, nutrient levels could have been responsible for the high abundance of *Endozoicomonas* after bleaching. Therefore, taking these inconsistencies into consideration, we tested the hypothesis that *Endozoicomonas* abundance is positively correlated with Symbiodiniaceae density.

We established a non-heat method ([@B39]; [@B36]; [@B12]; [@B8]) under oligotrophic conditions to induce bleaching in the coral *Euphyllia glabrescens*. We examined changes in the abundance of *Endozoicomonas* as Symbiodiniaceae decreased during bleaching, induced by a dark treatment over 15 weeks. Throughout the experiment, the abundance of *Endozoicomonas*, total coral-associated bacteria, and Symbiodiniaceae were measured using qPCR. The variation in bacterial community composition was analyzed from 16S rRNA gene amplicon sequencing. Our results contradict the hypothesis, and demonstrate that the abundance of *Endozoicomonas* is not dependent on Symbiodiniaceae density.

Materials and Methods {#S2}
=====================

Sample Collection {#S2.SS1}
-----------------

We collected three colonies of *E. glabrescens* more than 10 m apart at a depth of 3.5 m from the power plant inlet in Kenting, Taiwan (21°57′21.6"N 120°45′18.1″E). *E. glabrescens* is a model species for analyzing different pathways of coral bleaching because the lipogenesis for coral-Symbiodiniaceae endosymbiosis has been studied previously ([@B6], [@B7]). Colonies were transported to a laboratory in Academia Sinica, Taipei within 5 h of collection. One liter of seawater from the collection site was sampled and filtered through a 0.22 μm membrane, then stored at --20°C.

Bleaching Under the Dark Treatment {#S2.SS2}
----------------------------------

Each colony was separated into two fragments, which were placed into two tanks using the same seawater circulation system. After acclimating (1 week), one of the fragments was treated under a light/dark cycle (8 h light/16 h dark) and the other was covered for a dark treatment (24 h dark) for 15 weeks ([Figure 1A](#F1){ref-type="fig"}). There were three seawater circulation systems for three biological repeats. One fragment under the light/dark cycle was not sampled because it was too small to collect its tentacles.

![*Euphyllia glabrescence* bleached under the dark treatment. **(A)** Illustration of samples used in the experiment and their arrangement. **(B)** *E. glabrescence* gradually bleached under the dark treatment at week 0, 9, and 12 (from left to right).](fmicb-11-01791-g001){#F1}

Coral tissue and seawater were serially sampled at week 0, 1, 3, 5, 7, 9, 12, and 15 ([Supplementary Table S1](#TS1){ref-type="supplementary-material"}). At each sampling week, three coral tentacles from each fragment were cut using scissors and stored in 99% ethanol at −80°C for DNA extraction. A 1-L seawater sample from every circulation system was filtered through a 0.22 μm membrane and stored at −20°C for DNA extraction. Circulation systems were maintained at 23--24°C and monitored using temperature loggers (HOBO© Pendant, Onset Corp, United States) every 15 min throughout the experimental period.

Total DNA Extraction and Comparative Quantitative PCR (qPCR) {#S2.SS3}
------------------------------------------------------------

The tentacles stored in 99% ethanol were washed with TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8) and ground using a plastic pestle on ice. The homogenized tentacles and seawater-filtered membranes were individually transferred into TE buffer for total DNA extraction using a modified CTAB method ([@B37]; [@B13]).

Comparative qPCR was used to track changes in the abundance of total bacteria, the *Endozoicomonas* community, and Symbiodiniaceae (Clade C) in coral cells. Four pairs of primers were used to quantify major *Endozoicomonas* populations, total bacterial community, Symbiodiniaceae density in coral, and *Euphyllia*-specific β-actin as an internal control ([Table 1](#T1){ref-type="table"}). To quantify the variation in Symbiodiniaceae abundance in coral cells, the ITS gene of Clade C Symbiodiniaceae was normalized using the β-actin gene. To quantify the change in *Endozoicomonas* abundance in coral cells, the 16S rRNA gene of *Endozoicomonas* was measured using *Endozoicomonas*-specific primers and normalized using the β-actin gene. To quantify the variation in total bacterial abundance in coral, the 16S rRNA gene in bacteria was quantified using the bacterial universal primers and normalized with the β-actin gene. To determine the dynamics in relative abundance of *Endozoicomonas* to the total bacterial community, the *Endozoicomonas* 16S rRNA gene was measured using *Endozoicomonas*-specific primers and normalized by the 16S rRNA gene of total bacteria.

###### 

Characteristics of the primer sets used for qPCR.

  Primer          Target                       Sequence (5′-3′)            Amplicon (bp)   Annealing temp. (°C)   Efficiency (%)   Range (Ct)     References
  --------------- ---------------------------- --------------------------- --------------- ---------------------- ---------------- -------------- ------------
  En 667F         *Endozoicomonas* 16S rRNA    CTAGAGTGCGGAAGAGGAGT        104^a^          60                     99.28            16.53--34.87   this study
  mEn771R         *Endozoicomonas* 16S rRNA    TCAGTGTCARRCCAGAGTGT                                                                               this study
  V6f (967F)      Bacterial 16S rRNA           CAACGCGAAGAACCTTACC         79^a^           60                     101.43           12.69--30.59   [@B5]
  V6R (1046R)     Bacterial 16S rRNA           CGACAGCCATGCANCACCT                                                                                [@B5]
  SymITS1-QF      Symbiodiniaceae ITS region   TGCGGAAGGATCATTCGCAC        95^b^           60                     101.40           12.86--30.45   [@B5]
  SymITSC-QR      Symbiodiniaceae ITS region   CCTCGAGTTCTGCCAGCAGAT                                                                              [@B5]
  beta-actin qF   *Euphyllia* beta actin       CGCCTTCCTTGGAATGGAATCCTCT   151^b^          60                     100.72           20.72--28.20   [@B30]
  beta-actin qR   *Euphyllia* beta actin       CTGCATCCTGTCAGCGATTCCAGGG                                                                          [@B30]

\*Characteristics of the primer sets used to identify Endozoicomonas, bacteria, Symbiodiniaceae associated with Euphyllia, and beta-actin of Euphyllia using a qPCR assay on the genomic DNA of Endozoicomonas montiporae

a

or total coral holobiont DNA extract of sample a

b

in this study.

Each qPCR reaction was performed in 20 μL volumes using the Platinum SYBR Green qPCR SuperMix-UDG Kit (Invitrogen) in a QuantStudio^TM^ five Real-time PCR machine (Applied Biosystems), then analyzed using QuantStudio Design & Analysis software. All qPCR reactions were run using three technical replicates, consisting of 1× platinum SYBR Green qPCR SuperMix UDG, 0.2 μM of each primer, 500 mM ROX reference dye, and 40 ng total DNA template. The qPCR cycling parameters were: initial activation steps at 50°C for 120 s and 95°C for 120 s, followed by 40 cycles of a two-step reaction involving denaturation at 95°C for 15 s and an annealing/extension step at 60°C for 30 s. To confirm that each primer pair produced only one specific product, a melting curve was added to the end of each qPCR assay for each run. Differences in Symbiodiniaceae, *Endozoicomonas* and total bacterial abundance in dark-treated samples were compared with those in the samples before the dark treatment (week 0) by paired *t*-test ([Figure 2](#F2){ref-type="fig"}; *n* = 3).

![The comparative qPCR results for variation in the abundance of Symbiodiniaceae ITS, *Endozoicomonas* 16S rRNA gene, and total bacteria 16S rRNA gene copy numbers---normalized by *Euphyllia* beta-actin gene copy numbers---and the relative abundance of *Endozoicomonas* 16S rRNA genes normalized by the copy numbers of total bacteria 16S rRNA genes. The black line represents dark-treated samples, and the gray line represents the light-treated samples. Asterisk denotes significant variation (*p* \< 0.05) between samples under the dark treatment and samples before treatment. The dashed lines show missing data from the dark treatment at week five.](fmicb-11-01791-g002){#F2}

Amplification of the Bacterial 16S rRNA Gene and PCR Tagging {#S2.SS4}
------------------------------------------------------------

The 16S rRNA gene was amplified by PCR with a pair of bacterial universal primers---968F (5′-AACGCGAAGAACCTTAC-3′) and Uni1391R (5′-ACGGGCGGTGWGTRC-3′)---for the bacterial V6--V8 hypervariable region ([@B23]; [@B15]). PCR was performed in 25 μL reaction volumes consisting of 0.75 units TaKaRaEx Taq (Takara Bio, Otsu, Japan), 2.5 μL 1× TaKaRa Ex Taq buffer, 0.2 mM deoxynucleotide triphosphate mixture (dNTP), 0.2 mM of each primer, and DNA samples from coral or seawater. The thermocycler was set to an initial step at 94°C for 3 min; 30 cycles at 94°C for 30 s, 54.3°C for 20 s, and 72°C for 30 s; and a final extension at 72°C for 5 min. PCR amplification was performed three times for each sample, then combined for subsequent analysis. Target DNA bands (∼420 bp) were examined on 1.5% agarose gel after electrophoresis. The amplified samples were eluted using a QIAEX II Gel Extraction Kit (Qiagen, Valencia, CA, United States).

To tag each bacterial V6--V8 amplicon with a unique barcode sequence, each tag primer was designed with four overhanging nucleotides at the 5′ ends of the common primers. The tagging reaction was performed with a 5-cycle PCR, and each cycle was run at 94°C for 30 s, 56°C for 20 s, and 72°C for 45 s with the modified primers. End products were purified by the same gel elution method described above and DNA concentration was determined with a Qubit dsDNA HS assay (Invitrogen, Carlsbad, CA, United States).

Illumina MiSeq Paired-End Sequencing and Data Processing {#S2.SS5}
--------------------------------------------------------

We pooled all coral and seawater V6--V8 amplicons equally into two independent libraries and sequenced 2 × 250 paired-end reads with Illumina MiSeq (Yourgene Bioscience, Taipei, Taiwan). High-quality reads were produced after raw reads were merged, sorted, and trimmed using MOTHUR ([@B29]) based on the following criteria: (1) reads 350 to 500 bp long, (2) average quality score \>27, (3) homopolymer length \<8 bp, and (4) reads with any ambiguous base (N) removed. Then the four base tags and primer sequences were removed.

For operational taxonomic unit (OTU) analysis, quality-filtered reads were pooled together and OTUs were assigned at 97% identity with the UPARSE pipeline ([@B10]). Each OTU was classified with a bootstrap value set to 0.8 using a classifier ([@B35]) against the SILVA database (release 128) implemented in MOTHUR. In UPARSE, de-replication was performed and singletons were excluded (options: --derep_prefix and --minsize 2). Relative abundances of each classified bacterial OTU were calculated for individual samples ([@B5]). Non-bacterial OTUs were removed in subsequent analyses.

Data Analyses {#S2.SS6}
-------------

To determine the differences in bacterial community compositions between coral and seawater samples, differences in bacterial community composition between coral and seawater samples were tested by global ANOSIM analysis. OTUs assigned to the same order were combined and presented in a bar chart.

To analyze beta diversity and determine the relationships in bacterial OTU communities among samples, the relative abundances of OTUs in individual samples were incorporated into a distance matrix (Bray-Curtis distance). Differences in bacterial communities in coral samples between the two treatments within various sampling times were tested using two-way nested ANOSIM analysis and vice versa, whereas differences among bacterial communities in seawater samples at different sampling times were determined using global ANOSIM.

For variations in *Endozoicomonas* abundance, the average and standard error in the relative abundance of *Endozoicomonas* sequences in coral samples under the dark treatment at each sampling time were calculated and presented in an XY plot. For the most dominant *Endozoicomonas* OTU in each sample, a bubble plot was made using Microsoft^®^ Excel 2016 to determine the relative abundance of each *Endozoicomonas* OTU---except OTU470, which had too low an abundance to be visualized on the plot.

A 16S rRNA gene tree was constructed to estimate the phylogenetic relationships among four representative *Endozoicomonas* OTU sequences and other *Endozoicomonas* reference sequences downloaded from GenBank. The phylogenetic tree was generated using the maximum-likelihood method, with the Tamura-Nei model and 1000 bootstrap replicates, in MEGA7 ([@B17]). All base positions containing gaps or missing data in the sequence alignment were discarded. Finally, 405 informative sites in the 23 aligned sequences were available for analysis in the phylogenetic tree.

After excluding the four *Endozoicomonas* OTUs used in the above phylogeny, the 10 most abundant OTUs were selected for heatmap analysis and hierarchical clustering analysis using the default setting---Pearson correlation---in the R package pheatmap ([@B16]).

Results {#S3}
=======

Density of Microbes in Coral Cells During Bleaching {#S3.SS1}
---------------------------------------------------

All colonies under dark treatment gradually bleached ([Figure 1B](#F1){ref-type="fig"} and [Supplementary Figure S1](#TS1){ref-type="supplementary-material"}). Dark-treated samples showed a significant decrease in Symbiodiniaceae abundance over time (paired *t*-test, ex. week 0 vs 15, *p \<* 0.001, *n* = 3), and was lower than 1 % by week 12 ([Figure 2](#F2){ref-type="fig"}). No significant variation was detected in the abundance of *Endozoicomonas* over the 15-week dark treatment (ex. week 0 vs 15, *p* = 0.42, *n* = 3; [Figure 2](#F2){ref-type="fig"}), whereas the abundance of total bacteria significantly decreased at week 15 (week 0 vs 15, *p* = 0.01, *n* = 3; [Figure 2](#F2){ref-type="fig"}). No significant variation was detected in the relative abundance of *Endozoicomonas* in total bacteria abundance (ex. week 0 vs 15, *p* = 0.27, *n* = 3; [Figure 2](#F2){ref-type="fig"}).

Relative Abundance of *Endozoicomonas* in the Total Bacteria Community {#S3.SS2}
----------------------------------------------------------------------

The results from both MiSeq and qPCR datasets were similar ([Figure 3](#F3){ref-type="fig"}). In the MiSeq data, all *Endozoicomonas* OTUs (97% nucleotide sequence identity)---OTU4, OTU9, OTU120, and OTU470 ([Supplementary Figures S3A,B](#TS1){ref-type="supplementary-material"})---were combined, and the relative abundance of *Endozoicomonas* was shown after normalization ([Figure 3](#F3){ref-type="fig"} and [Supplementary Figure S2](#TS1){ref-type="supplementary-material"}). After 15 weeks of dark treatment, colonies still had high *Endozoicomonas* abundance (relative abundance = 58.5, 55.3, and 38.7% in colony a, b, and c, respectively). There was no significant variation in the relative abundances of samples before and after the dark treatment at each sampling time, except for a significant increase at week 3 (*p* \< 0.05; [Figure 3](#F3){ref-type="fig"}). In the comparative qPCR results ([Supplementary Figure S2B](#TS1){ref-type="supplementary-material"}), there was a similar dynamic in the changes in *Endozoicomonas* 16S rRNA gene copy numbers normalized by the copy number of total bacterial 16S rRNA genes. Both methods found that the *Endozoicomonas* abundance was maintained in the dark-treated colonies after 3 months.

![The average relative abundances of *Endozoicomonas* throughout the experimental period. Black lines indicate dark-treated samples and gray lines indicate the system control samples. Standard deviations are marked only in dark-treated samples. Asterisk marks significant variation (*p* \< 0.05) between samples under the dark treatment for three weeks and samples before the treatment.](fmicb-11-01791-g003){#F3}

The Most Abundant *Endozoicomonas* OTUs in Coral Under Darkness {#S3.SS3}
---------------------------------------------------------------

To determine whether any shifting occurred among dominant *Endozoicomonas* OTUs, the relative abundances of OTU4, OTU9, and OTU120 in colonies a, b, and c were shown in a bubble plot ([Supplementary Figure S3A](#TS1){ref-type="supplementary-material"}). OTU470 was not shown because its relative abundance was \<0.005% in all coral samples and therefore too small to show in the bubble plot.

In the light cycle samples, OTU4 was always the most dominant *Endozoicomonas* OTU after week 1, and there was no clear OTU substitution. Under the dark treatment, OTU9 had a higher relative abundance than OTU4 at several sampling times, i.e., weeks 1, 9, 12, and 15 in colony a (Da in [Supplementary Figure S3A](#TS1){ref-type="supplementary-material"}), and weeks 7 and 9 in colony b (Db). The most abundant OTUs shifted continuously in the a and b colonies, but not in colony c (Dc).

For the phylogenetic tree of the four *Endozoicomonas* OTUs ([Supplementary Figures S3B,C](#TS1){ref-type="supplementary-material"}), OTU4 had 99.7% identity (407/408 bases) with *E. montiporae* strain CL-33, and OTU9 had 97.7% identity (399/408 bases) with *E. euniceicola* strain EF212. OTU120 had 97.0% identity (396/408 bases) with *Endozoicomonas sp.* strain JOB-63a. OTU470 had 99.5% identity (406/408 bases) with *Endozoicomonas sp.* strain Acr-14.

Variation in Other Bacterial Communities Under Darkness {#S3.SS4}
-------------------------------------------------------

Overall, bacterial communities differed between coral and seawater samples (ANOSIM, *R* = 0.907, *p* \< 0.001; [Supplementary Figure S4A](#TS1){ref-type="supplementary-material"}). Regarding order-level variation in the bacterial composition between all coral and seawater samples, *Altermonadales* and *Rhodobacterales* were dominant (29.2 and 27.0% of the relative abundance, respectively) in seawater samples, whereas *Oceanospirillales* was dominant in coral samples (59.3%; [Supplementary Figure S4B](#TS1){ref-type="supplementary-material"}). In addition, 98.3% of *Oceanospirillales* sequences in coral samples belonged to *Endozoicomonas*.

There was significant variation in the community composition of coral samples between different treatments (2-way nested ANOSIM, *R* = 0.749, *p* \< 0.001). To understand the variations in coral-associated bacterial communities other than *Endozoicomonas* during coral bleaching by the dark treatment, bacterial communities from MiSeq data were analyzed after removing all *Endozoicomonas* OTUs.

All coral samples were clustered, and the top 10 OTUs (\>1% relative abundance among all coral samples) were selected to construct a heatmap to show the distribution of dominant OTUs among samples ([Figure 4](#F4){ref-type="fig"}). The control samples (Da0, Db0, and Dc0) and samples under the normal light cycle were marked as light treatment (blank circles in [Figure 4](#F4){ref-type="fig"}), and the other samples under dark treatment were labeled as filled circles.

![Heatmap of top 10 OTUs in all coral samples after removal of *Endozoicomonas* OTUs. The top 10 OTUs on the *y*-axis comprised \>1% relative abundance in all coral samples. Coral samples on the *x*-axis and OTUs on the *y*-axis were clustered based on Pearson correlation. Relative abundance of the top 10 OTUs in samples is presented (after transformation with a *z*-score). Red boxes present higher abundance, whereas blue boxes indicate lower abundance. Sample names on the *x*-axis with black or white circles indicate that the samples were under darkness or light, respectively, regardless of the sampling times.](fmicb-11-01791-g004){#F4}

All dark-treated samples were clustered in the rightmost group ([Figure 4](#F4){ref-type="fig"}) except for seven, which were treated under darkness for seven weeks or less. The dark-treated samples in the group had similar bacterial communities, with OTU6 and OTU11 being abundant. These two OTUs were also abundant in five of the seven dark-treated samples outside the rightmost group.

Notably, the heatmap revealed that the relative abundance of OTU6 (*Rhodospirillaceae*) and OTU11 (*Rhizobiales*) increased to become dominant under darkness, whereas the relative abundances of OTU5 (*Alteromonadaceae*) and OTU12 (*Sphingomonas*) were low in the rightmost group and decreased in most of the samples under the dark treatment, except in the Da5 and Dc7 samples.

Discussion {#S4}
==========

Stability of *Endozoicomonas* Abundance During Coral Bleaching {#S4.SS1}
--------------------------------------------------------------

This is the first report to detect quantitative changes in *Endozoicomonas* and total bacterial abundance in bleaching coral cells under a dark treatment using qPCR. This study demonstrated that the abundance of total bacteria and *Endozoicomonas* is stable and high in living bleached corals for 3 months. The *Endozoicomonas-*specific primer from [@B31], modified for use in qPCR, successfully quantified the *Endozoicomonas* variation in coral samples as results were similar to the MiSeq sequencing (bacteria-specific primer). Although [@B26], [@B27] reported that the relative *Endozoicomonas* abundance was stable in bleached corals, the authors note that the high relative abundance of *Endozoicomonas* could have been the result of a simultaneous decrease in the number of bacteria and *Endozoicomonas*. Our qPCR results show that *Endozoicomonas* abundance is indeed stable in bleached corals, and the concerns of Pogoreutz and colleagues are not founded.

Temperature Is Critical for Changes in *Endozoicomonas* {#S4.SS2}
-------------------------------------------------------

Our results show that, when corals dissociate with Symbiodiniaceae (bleaching), *Endozoicomonas* abundance is not affected under dark treatment. Many studies have shown that Symbiodiniaceae and *Endozoicomonas* abundances decrease during coral bleaching, but these corals were all under heat stress ([@B2]; [@B1]; [@B22]; [Supplementary Figures S6](#TS1){ref-type="supplementary-material"}, [S7](#TS1){ref-type="supplementary-material"}). Symbiodiniaceae and *Endozoicomonas* were found to be independent on two previous occasions. [@B32] reported high densities of Symbiodiniaceae but a low abundance of *Endozoicomonas* under cold stress, and [@B27] showed low densities of Symbiodiniaceae but a high relative *Endozoicomonas* abundance under excessive nutrient treatment. A decrease in *Endozoicomonas* is therefore suggested to occur when corals are under temperature stress, either hot or cold, regardless of whether the coral is bleached. It is therefore suggested that the majority of *Endozoicomonas* strains are sensitive to temperature stress outside this optimal range.

*Endozoicomonas* Populations Were Unstable During the Dark Treatment {#S4.SS3}
--------------------------------------------------------------------

It is interesting that the most dominant *Endozoicomonas* OTUs shifted more frequently in dark-treated samples than light-treated ones ([Supplementary Figure S3A](#TS1){ref-type="supplementary-material"}). Although no clear pattern or constant intervals were observed, we propose two reasons for the switches in the most dominant *Endozoicomonas* OTUs: the normal light condition (1) inhibited growth in the OTU9 population or (2) was more beneficial for growing OTU4, and thus OTU4 had a higher relative abundances than OTU9 in the samples.

OTU4 was phylogenetically close to *Endozoicomonas montiporae* strain CL-33, which was isolated from the coral *Montiporae aequituberculata* ([@B38]), and OTU9 had the best hit in NCBI to *Endozoicomonas euniceicola*, which was isolated from the coral gorgonian *Eunicea fusca* ([@B25]). *M. aequituberculata* is usually distributed in shallow reef areas with higher light intensity, whereas gorgonians can be distributed in deeper water. This might suggest that OTU4 acclimates better than OTU9 under stronger light conditions, whereas OTU9 acclimates better in dim light conditions than does OTU4.

It is also interesting that OTU470 was a rare population in the present study, and phylogenetically closed to *Endozoicomonas acroporae* strain Acr-14 ([@B33]). This strain was isolated from *Acropora* specimens collected at the same time and from the same location, the inlet of the third nuclear power plant, as *E. glabrescens* in this study. Therefore, we suggest that this *Endozoicomonas* OTU470 is *Acropora*-specific ([@B28]).

Identification of Important Environmental Factors {#S4.SS4}
-------------------------------------------------

The change in bacterial communities during coral bleaching in oligotrophic reefs may be the result of multiple factors---e.g., light, a decrease in Symbiodiniaceae, and abnormal temperature. However, it is difficult to manipulate only one factor in coral bleaching. By comparing the effects that different factors have on bacterial communities in bleached coral, we can identify the specific environmental factors that change the coral core microbiota and clarify important bacterial candidates for coral health and coral pathogens.

Although corals may not be exposed to long stretches of darkness in natural shallow reef areas, dark experimental manipulation provides a valuable, robust strategy for testing the effects of individual factors on changes in bacterial communities associated with coral bleaching; it also clarifies important bacterial candidates for coral health and identifies the environmental factors critical to the coral core microbiota.

Therefore, although there is a lack of experimental evidence linking specific factors to the reduction in *Endozoicomonas* during coral bleaching, previous studies from us and others ([@B18]; [@B2]; [@B38]; [@B25]; [@B14]; [@B32]; [@B27]) suggest that temperature stress or temperature-associated physiological responses of coral may be reason for the reduction in *Endozoicomonas* during coral bleaching.
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